Background: Obesity is increasingly prevalent in the industrialized world. Obese workers have two times the number of workers' compensation claims as those of non-obese workers. Worksite interventions may be especially effective because employees spend a large part of their day in the work environment, and both employee and employer have incentives to improve the employees' health. Objective: To assess the impact of a 4 week employee intervention in participant's weight, body fat and blood pressure. Methods: This was a pilot study. We assessed feasibility and impact compared to baseline at 4 weeks, 6 months, and 12 months post-program. The primary outcomes were weight and body mass index. Secondary outcomes included percent body fat and blood pressure. Results: Forty participants consented to be part of the study. Baseline weight was 97.8 kg [SD ± 17.05]. Twelve months post-intervention weight loss averaged 2.7 kg [SD ± 6.35]. One-way repeated measures ANOVA showed a significant effect of participation on weight, body mass index, and percent body fat. Conclusion: Significant improvements in the primary outcomes were observed in participants completing our worksite pilot study, indicating that a worksite weight loss intervention is potentially effective.
Introduction
Obesity is increasingly prevalent in the industrialized world, with serious implications for health and healthcare costs [1, 2] . Obese workers have two times the number of workers' compensation claims as those of non-obese workers [3] . In addition, estimates of medical expenditures attributable to overweight and obesity range from $170 per year for overweight male employees to > $1500 per year for obese female employees [4] . Worksite interventions may be especially effective because employees spend a large part of their day in the work environment, and both employee and employer have incentives to improve the employees' health. Indeed, such interventions have become more prevalent over the past decade [1, [5] [6] [7] [8] [9] . However, the literature reporting on these important programs is rife with methodological problems [10, 11] that must be systematically addressed; outcomes for worksite interventions must be rigorously measured. A necessary first step in the process of conducting a large scale trial is to establish the feasibility of rigorously measuring outcomes in existing worksite weight loss programs.
The design of the Duke Employee Weight Loss (DEWL) program allows us to address methodological shortcomings of prior worksite weight management studies. Specifically, funding constraints and competing employer needs typically undermine ability to adhere to rigorous methodology in assessing clinical programs in the worksite. In fact, pragmatic program evaluation does not typically approximate the rigor of federally-funded outcome trials.
The purpose of this study was to test the feasibility and efficacy of the DEWLP using rigorous measurement methods to set the stage for a large randomized trial of the unique DEWL program.
Methods

Intervention-Duke Employee Weight Loss Program
The DEWL program was modeled on the long-established Duke Diet and Fitness Center (DFC) "immersion" approach to weight loss and improved fitness but adapted to accommodate the schedules of working individuals. The original DFC immersion approach provides all meals, daily exercise classes, and didactic sessions to participants who are "in residence" daily, for periods of time ranging from one week to several months, but most commonly for four weeks. [12, 13] In essence, the DEWL program repackaged critical elements of the DFC residential program to create a "mini-immersion" program for busy working adults. Specially, the DEWLP program was a 4 week program delivered to 4 cohorts of participants at the Duke Diet and Fitness Center ( DFC)facility located on the Duke University Health System space. This "mini-immersion" program approached lifestyle changes based on the Diet and Fitness center and other residential programs [12, 13] that operate on the theory that regular practice of healthful habits of eating and exercise, coupled with skill-building classes and a supportive peer group milieu, facilitate learning new habits and yield meaningful short-term results that enhance confidence and motivation [12] [13] [14] [15] [16] . During the program, participants were offered a total of 40 meals (10 per week) prepared by the DFC culinary staff using recipes developed for the residential program. Entrees were designed to be compatible with a balanced and calorie controlled diet (approximately 40-50 % of the calories from carbohydrates, 20-25% from protein, 20-25 % from fat) that would typically represent 1100-1300 calories per day for females and 1400-1600 calories per day for males.
In addition, participants were offered 20 group exercise sessions (5 per week) led by a fitness specialist or exercise physiologist, and 20 group educational sessions (5 per week) led by dieticians, exercise physiologists, psychologists/clinical social workers, and physicians. Further, participants were offered the chance to exercise independently during additional hours of operation of the facility (7:30 AM to 9:00 PM Monday through Friday, and 8:00 AM to 9:00 PM Saturday and Sunday). The structure of the program required a two hour commitment each Monday thru Thursday evening, and Saturday morning; a total of 10 hours a week. Participants received a 1 hour fitness class (e.g. cardio blast, aqua aerobics, Latin dance) followed by a meal (dinner on weeknights, lunch on Sat) which was provided during a 45 minutes educational session (the remaining 5 of their 10 weekly meals could be consumed in the facility, at other mealtimes or taken out) . The educational session topics included diet and exercise space to support weight loss and optimal health, as well as cognitive behavioral strategies to support sustainable lifestyle change including self-awareness, goal setting, overcoming obstacles, stress management, and emotion regular. After completing the 4 week program, participants had the opportunity to purchase additional monthly membership at the Center (for a fee of $125), which included 10 meals per week and full access to the DFC facilities. Additional meals were available for purchase a la carte.
Study population and methods
Using the DEWL program cohorts that were enrolled between October of 2009 and March 2012, a total of 40 participants enrolled in the pilot study. Participants included were overweight or obese (BMI ≥ 25 kg/m2), adult (> 18 years), Duke employees and their spouses, same-sex partners, and children (over the age of 18) who were enrolled in the DEWL program. Participants for the study were recruited from four successive cohorts of the DEWL program.
Participants were recruited through one of two "opt out" procedures. First, those enrolled in the DEWL program who attended an informational pre-program session were told about the study and invited to participate in the measurement study. Second, DEWL program participants who did not attend an informational session were contacted by study staff and given the opportunity to opt out if not interested in taking part in the study. Although DEWL program participants were paying $ 650 for the program itself, there was no additional cost to study participants who volunteered to provide data. Benefits offered to study participants included receiving, at the end of the study, a copy of all measurements taken as part of the study. In addition, there was a modest incentive for participation, with eight meal vouchers for the Duke Diet and Fitness Center (DFC) provided to those participants who completed the 12 months post intervention data collection. All participants received clearance from their primary care provider or the DFC medical staff prior to enrollment into the DEWL program. All aspects of the study were approved by the Duke Institutional Review Board, and all participants provided written informed consent.
We conducted an observational, prospective pilot study that allowed each participant to serve as his/her own control, with four measurement time points: baseline, 4 weeks, 6 months post-program, and 12 months post-program. Feasibility was assessed by percentage of DEWLP that agreed to participate in the study, percentage that completed the study, and percentage with data collection at all-time points. The primary outcome to assess effectiveness of the study was change in weight and BMI. Secondary outcomes included change in percentage body weight and systolic and diastolic blood pressure.
Measurements
All measurements were obtained by trained and certified research personnel using methods from multicenter randomized controlled trials [17, 18] . Data collection visits were conducted at baseline, at the end of the 4 week program, and at 6 and 12 months post-program. Weight and percentage body fat were measured at each time point using a calibrated digital scale (Tanita, model # TBF-310GF-Tanita, Arlington Heights, Illinois) with the participant wearing a standardized outfit of light, indoor clothes without shoes. Percentage body fat was estimated by the Tanita scale using bioelectrical impedance assay. Height was measured at baseline and 12 months post -program using a wall-mounted stadiometer. Body mass index was calculated using the Quetelet Index, (weight [kg]/height [m2]). Arm circumference was measured at each time point using a metric tape measure to determine proper cuff size for blood pressure. Participants were asked to refrain from eating, smoking, and exercising for at least 30 minutes prior to blood pressure measurement. After resting in seated position for 5 minutes in a quiet room free from activity, three consecutive blood pressure measurements were taken 1 minute apart and averaged using an automated oscillometric device (Omron HEM-907XL OMRON Healthcare, Bannockburn, Illinois). In addition, demographic information was obtained through a short self-administered questionnaire.
Statistical methods
For feasibility measures, descriptive statistics were provided. While this pilot study was not powered for definitive hypothesis testing, we wished to estimate the effect size for future trials. Hence, for our primary outcomes, one-way repeated measures ANOVA procedures were conducted to assess the effect of the DEWL program on weight and BMI across four time points (i.e., baseline, 4 weeks, 6 and 12 months post-program). Paired samples t-tests were then conducted post-hoc to clarify the simple effects when a main effect for time was discovered. Similar procedures were conducted to assess secondary outcomes including percent body fat and blood pressure (systolic and diastolic).
For each impact measure, we set an overall alpha level of 0.05 for the main effect, and similarly set the alpha at 0.05 for posthoc comparisons. All analyses were carried out using IMB SPSS Statistics, Version 19.
Results
Participants enrolled in the study had an average age of 48.2 (SD ± 10.7) years, 88 % were female, 70%white, 30% African American, and 3 % Hispanic. Fifty-five percent were married. All participants had at least a high school education. Ninety eight percent were employed full-time and 65% had an annual household income of > $60,000. At baseline, none of the participants were current smokers, though 33% reported a prior history of smoking. The difference between enrolled and those that completed the 12 months data collection are included in Table I .
Feasibility
Of the possible pool of 55 participants who were participating in the DEWL program, 40 (73%) consented and enrolled to undergo measurements for this study. Of the 40 that enrolled, 38 had primary outcome data collected at baseline. Of the 15 (27%) who did not participate in the study, seven opted out due to low interest; three were not eligible because of a BMI < 25; four reported schedule conflicts as the reason for non-participation, and one was excluded by the investigators. The participant had previously lost a significant amount of weight with the program and may have skewed the impact results (Fig 1) .
In terms of retention, 27 (68%) participants completed the 6 months post program follow-up assessment, 22 (55%) completed data collection at all times points and 29 (73%) participants completed the study, including the 12 months post program follow-up visit. Comparison of baseline characteristics between those who completed the data collection at 12 months post intervention and the non-completers (data not shown) only revealed 1 statistically significant difference, with completers reporting higher rates of diabetes at baseline (P = 0.012). No other differences were observed between the two groups.
Fig 1. Flowchart of participants
Impact of Intervention
At baseline, participants enrolled in the study weighed an average of 97.8 kg (SD ± 17.05) (Table II) . Of participants (N=22) with weight data at all times points (baseline, 4 weeks, 6 and 12 months post-program), the mean weight was 98.7 kg (SD ± 18.1), 95.7 kg (SD ± 17.6), 94.3 kg (SD ± 16.2)and 96.4 kg (SD ± 16.9), at baseline, 4 weeks, and 6 and 12 months post-program, respectively (Fig 2) . Participants who completed both baseline and 12 months postprogram data collection (N=29) lost an average of 2.7 kg (2.8 %) (SD ± 6.35) (p =0.03). One-way repeated measures ANOVA indicated a significant effect of time on weight and BMI (p < 0.001 and p < 0.001). Post-hoc tests revealed a weight reduction from baseline to 4 weeks, baseline to 6 months post -program and baseline to 12 months post -program (p < 0.000, p < 0.001, p = 0.03), respectively. Post hoc paired samples t-tests revealed no significant differences in weight from 4 weeks to 6 and 12 months post-program (p = 0.26; p = 0.98), respectively. A post hoc paired samples t-test revealed a significant increase in weight from 6 month post program to 12 months post -program BMI followed a similar pattern than weight. However, BMI decreased was significant from 4 weeks to 6 and 12 months post program. Weight regained was significant from 4 weeks to 12 months post-program (P= 0.004) (Table III) .
For our secondary outcomes, one-way repeated measures ANOVA indicated a significant change over time in percent body fat, a reduction of 2.4 % (SD ± 3.86)from baseline to 12 months post -program (p = 0.002). Post hoc, paired samples t-tests revealed a significant decrease in percent body fat between an automated baseline to 4 weeks and 6 and 12 months post intervention (p=0.000, p= 0.001, p= 0.002), respectively. Similar to weight no significant difference was observed from 4 weeks to 6 and 12 months follow up (p =0 .12 and p = 0.71), respectively. No significant change over time was observed in blood pressure (systolic and diastolic).
Discussion
The DEWL program was designed to provide a concentrated intervention for weight change, delivered in a "mini-immersion" program to employees and their dependents. The purpose of this study was to set the stage for a large clinical trial by assessing whether we could feasibly evaluate the impact of the program over time, using rigorous methodology and participants who were paying to participate in the DEWL program itself. We also assessed preliminary effect size measures of the program's impact on weight, BMI, body fat percentage and blood pressure. In terms of feasibility, 73% of the participants paying for the DEWL program were willing to enroll in the measurement study, and 73% of those enrolled completed data collection at 12 month post intervention. Further, 55% of participants completed our rigorous data collection process at all-time points. In terms of program impact, participants had lost an average of 4.4 kg (9.7 lbs) at 6 months post program and 2.7 kg (5.9 lbs) at 12 months post program. The finding of weight regain between 6 and 12 months suggests that a structured ongoing support activity or a program refresher between 6 and 12 months might have been helpful.
Our study retention rate was superior or similar to those previously reported. For example, Salinardi, et al testing a weight loss intervention in a Boston worksite reported retention at 6 months post weight loss interventions of 89%. In our study, the retention at 6 months was 67.5 %. Further, only 42% of participants in that study completed the 12 months structure weight loss maintenance program [19] . Attrition rates in clinical trials of other obesity treatment programs have been reported to be between 30-50% [20] . Given both the 73% enrollment rate, and the 73% retention rate at 12 months follow-up, the process of studying outcomes on participants paying to undergo the DEWL worksite program does indeed seem feasible. One issue that will need to be addressed in a larger trial is the differential rate of drop-out for those with diabetes. Other weight loss studies with patients with diabetes testing lifestyle interventions for weight loss outside the worksite have reported a retention rate of > 95% at one year [21] .
In terms of the estimated impact of this worksite program, our findings are consistent with other worksite studies using longer, but less intensive interventions. For example, one systematic review of worksite programs found that a large range of interventions (including those that were informational, those teaching behavioral skills, and those that targeted policy and environmental changes) all demonstrated a modest reduction in weight averaging 2.8 lbs at 12 months [10] .
Another study, by Lahiri et al published in 2012, demonstrated a 3.4 kg (7.5 lbs) weight loss over 28 weeks in a worksite group "incentivized" to participate in a weight loss intervention [22] . In our study, participants lost 4.4 kg (9.7 lbs) at 6 months post intervention and 2.7 Kg (5.9 lbs) at 12 months post intervention indicating that our intervention is potentially more effective than other interventions both at 6 and 12 months post intervention. One can speculate that the larger weight loss seen in our study is in part due to studying participants who were highly motivated, given their willingness to pay for the DEWL program. Nonetheless, other studies of ongoing weight loss programs do not necessarily demonstrate such outcomes. For example, in a study conducted by employees of Massachusetts General Hospital (MGH) that participated in a structured 10-week wellness program to improve nutrition and exercise habits demonstrated an average weight loss of 0.4 kg (0.88 lbs)at one year follow-up [23] . A second possible explanation of the relative effectiveness of the DEWL approach may be the comprehensive nature of the program, with multiple weekly contacts, including group educational sessions, exercise classes and the provision of calorie-controlled meals. This explanation is consistent with the conclusion reported by multiple researchers [24] [25] [26] [27] [28] that more intense interventions have greater impact on participant outcomes. Interestingly, our participants continued to lose weight after completing the 4 week program, reaching their lowest weight 6 months post intervention. It is possible that participants with initial weight loss continued to be motivated and were thus able to sustain their new lifestyles longer after completing the program, although this remains an empirical question. By the end of the study, participants had regained some weight but weighted less than their entry weight, consistent with findings from other research. For example, participants of a weight loss maintenance study regained some weight over 2 ½ years, following an initial weight loss of at least 4 kg. However, 71% of participants had a weight below their entry weight at the end of the trial [17] . Similarly, a systematic review of dietary counseling and weight loss showed that at 3 year follow up participants regain half of their initial weight loss [25] . Oxford Advanced Learners' Dictionary. Oxford University Press, New Delhi.7th edition 2005, Pg-1779.
Results from our study did not show a significant lowering of blood pressure. Despite the well-known blood pressure lowering effect of weight loss in the overweight/obese [16] [17] [18] 26] , this finding is not surprising given that only 10% of our participants reported hypertension at baseline and baseline blood pressure was normal in most participants. In a larger trial, we will need to carefully consider inclusion criteria if we are to evaluate the potential impact of the DEWL program on blood pressure. We were, nonetheless, pleased that participants did not complain about the rigorous measurement procedures used in collecting this data.
Limitations and Strengths
Limitations of our study include the small sample size, lack of a control group, and limited external validity. Specifically, our sample represents a small subset of Duke Employees and dependents (Duke has a total of 35, 510 employees with a wide range of ages and salary), who were mostly middle-aged women, with relatively high educational and income levels. In addition, participants in our study had paid $650 dollars and accepted a substantial time commitment to enroll in the DEWL program prior to being invited to join the research project. As such, our participants may represent a highly motivated group. Given the design of the study, it is difficult to assess the relative impact of motivation on the initial and subsequent weight loss. Another limitation is that we did not determine the extent to which participants actually engaged in the four week program, or what impact degree of engagement had on outcomes. Similarly, we are unable to assess which program elements -for example, educational classes, exercise classes, the provision of meals, etc. were most strongly related with successful outcomes. Finally, we do not know the importance of participation in the optional postprogram extension. We know which participants purchased extended time after the four weeks, but have no data on how many meals they consumed at the DFC or how many exercise class they attended. In a larger, subsequent trial, we will need to carefully track attendance and utilization of all components of the program, as well as to track the behaviors of participants during the follow-up time period. Despite these limitations, our findings do indicate that a larger trial of this brief but intensive intervention would be feasible. Three-quarters of the program participants were willing to participate in the measurement study, and almost three-quarters of those who participated in the study were retained at one-year follow-up. Moreover, these initial estimates of the impact of the DEWL program show that it is potentially effective in accomplishing medically meaningful weight loss over the course of four weeks, with maintenance of some of that weight loss 12 months after completing the intervention. Future research in a larger scale trial with a more diverse population is needed to more firmly establish effectiveness of this approach and determine strategies for cost-effective implementation and sustainability. Evaluation of the experience of greater numbers of participants will also be important in helping us to understand participant characteristics and program elements that may be associated with more successful outcomes.
